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(54) LFTHOGRAPHIC GAP-RLLER FORMING COMPOSITION 



(57) A connpositlon for f omiing a gap-filling material 
for lithography which, as a gap-filling material for lithog- 
raphy superior in planarization ability on a substrate 
having irregularities such as holes or trenches, causing 
no intemnixing with a resist layer, and having a high dry 
etching rate as compared with the resist, is used in pro- 
ducing semiconductor devices by a method using the 
gap-filling material to cover the resist on the substrate 



having holes having an aspect ratio, defined as height/ 
diameter, of 1 or more to transfer Images onto the sub- 
strate by utilization of lithographic process, the compo- 
sition being used to coat the substrate prior to the coat- 
ing of the resist so as to planarize the substrate surface, 
and the composition being characterized by containing 
a polymer solution consisting of a polymer and a solvent. 
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Description 

TECHNICAL FIELD 

5 [00011 The present Invention relates to a novel composition for fomiing a gap-filling material for lithography. Partic- 
ularly, the present invention relates to a composition for fonming a gap-filling material for lithography that allows the 
formation of a gap filling material for lithography having an excellent planarizatlon property on a substrate having 
irregularities such as holes and trenches, and large dry etching rate as compared with that of a resist while providing 
an excellent resist pattern without causing an intemiixing with a resist layer, and that it can be specifically used in a 

10 damascene process for the introduction of a wiring material Cu (copper) used for reducing a wiring delay of a semi- 
conductor device in recent years. 

BACKGROUND ART 

15 [0002] The fine processing with lithography using a photoresist has been conducted for the preparation of semicon- 
* ductor device. Said fine processing comprises forming a thin film of a photoresist ccmpcsitior? over a silicon, wafer, ; 

irradiating active light ray such as UV light ray through a mask over which the pattern of a semiconductor device has 
been drawn, developing and executing the etching treatment of silicon wafer of thus obtained resist pattem as a pro- 
tective film. As the integration degree of a semiconductor device has been increased in recent years, there is a tendency 

20 of shortening the wavelength of the active light ray used in the above-mentioned process from i-ray (365 nm) to KrF 
excimer laser (248 nm). Along this process, the influence of an in-egular reflection of the active light ray and a standing 
wave from the substrate have become major concerns. As a method of providing solutions to such concerns, a method 
of providing a bottom anti-reflective coating (BARC) between the photoresist and the substrate has been extenswely 
investigated. 

25 [0003] As the above-mentioned bottom anti-reflective coating, an inorganic bottom anti-reflective coating comprised 
of titanium, titanium dioxide, titanium nitride, chromium oxide, silicon oxide nitride, or the like, and an organic bottom 
anti-reflective coating comprised of a light-absorbing material and a polymer compound are known. The former requires 
facilities such as vacuum deposition equipment, a CVD devfce, or a spattering device for fonnation of the coating. On 
the other hand, the latter has an advantage in that it does not require any special facilities and thus various investigations 

30 have been conducted. Examples of such investigations include an acrylic resin type bottom anti-reflective coating 
where a hydroxyl group provided as a crosslinking functional group and a light-absorbing group are contained in the 
same molecule as described in the specification of U.S. Patent No. 591 9599, a novolac resin type bottom anti-reflective 
coating where a hydroxyl group provided as a crosslinking functional group and a light-absorbing group are contained 
in the same molecule as described in the specification of U.S. Patent No. 5693691 , and so on. 

35 [0004] The desirable physical properties for the material to be used for the organic bottom anti-reflective coating 
include: a high absorbance with respect to light and radiation ray; insolubility to a resist solvent (absence of intemnixing 
with a resist layer); no diffusion of small molecule into overcoating resist from the bottom anti-reflective coating material 
when applied on dried with heating; large dry etching rate as compared with that of the resist; and so on. For instance, 
they are also described in Proc. SPIE, Vol. 3678, 800-809, Proc. SPIE, Vol. 3678, 174-185 (1999). and Proc. SPIE, 

40 Vol. 2195. 225-229 (1994). 

[0005] However, in the case of an LSI pattern mie having the degree of fineness for less than 0.13 \i m, the delay in 
wiring affects speeding-up of LSI and thus advancing high-performance of LSI with the present technology for the 
production has become diffteult, so that progress can be hardly made in the speed-up of LSI by means of the present 
LSI-processing technology. Therefore, Cu is one of the wiring materials used for minimizing the delay in wiring. 

45 [0006] A dual damascene process is a technology to be introduced for replacing Al cunrently used as a wiring material 
with Cu, for example, as described in the specification of US 6057239 B. In this process, a bottom anti -reflective coating 
is used on a substrate having a large aspect ratio (high/diameter; lrregularity)as compared with that of the substrate 
of the coriVffnlion:*.! wiring material Al. • ' - ' . 

[0007] In addition to the above characteristics, it is desired that the bottom anti-reflective coating for the dual da- 

50 mascene process has an ability of controlling the coating property of the bottom anti-reflective coating in the ground 
substrate at the periphery of a hole, a high absorbance with respect to light and radiation ray when a bottom anti- 
reflective coating is applied with a uniform film thickness is carried out, and a high degree of planarizatlon Independent 
of the Irregular shape of the substrate. However, it is difficult to use the organfc bottom anti-reflective coating material 
as a bottom anti-reflective coating material for the dual damascene process. 

55 [0008] Consequently, it is conceivable that the process may use two layers of: an inorganic or organic bottom anti- 
reflective coating having a high absorbance with respect to that of light or radiation ray; and a gap-filling material for 
lithography for obtaining planarizatlon. The gap-filling material for lithography described herein is a gap-filling material, 
i.e., a filler or a planarizing material. The advantage of such a process is to provide a high resolution in the step of 
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lithography and to increase an etching selectivity with a base substrate in the step of etching. The gap-fiiling material 
for lithography planarizes the irregularities of the substrate. Simultaneously, it has a high etching rate because of 
containing no compound having an absorbance. Therefore, a high etching selectwity with a resist can be attained in 
the step of etching. 

5 [0009] The required characteristics of the gap-filling material for lithography include an insolubility to a resist solvent 
(no occunrence of intermixing with a resist layer), no low-molecular substance diffused from the bottom anti-reflective 
coating material Into a top-coat resist at the time of coating or at the time of heat-drying, a high dry etching rate as 
compared with that of the resist, the ability to planarize the substrate having a large aspect ratio (height/diameter; 
irregularity), and so on. The development of a gap-filling material for lithography that satisfies all of the above require- 

10 ments has been desired. 

[0010] That is, an object of the present invention is to provide a composition for forming a gap-filling material for 
lithography to be used In a damascene process, having an excellent property of planarizing a substrate surface having 
irregularities such as holes and trenches, no mixing with a resist layer, fomiing excellent resist pattern and large dry 
etching rate as compared with that of a resist, and also to provide a method of fomiing a resist pattern using the 

15 composition for forming gap-filling material for lithography. 

DISCLOSURE OF THE INVENTION 

[0011] In consideration of cun-ent conditions described above, as the result of extensive researches conducted by 
20 the present inventors, the present invention has been completed by finding the facts that In order to increase planari- 
zatlon property of a substrate without depending an in-egular shape thereof In a case where a composition for fomning 
a gap-filling material for lithography is applied with a unifomi film thickness, a specific relationship between the solid 
content concentration of a polymer solution contained In the composition for forming a gap-filling material for lithography 
and a viscosity thereof is satisfied, that a specific relationship between a polymer and a solvent used in the polymer 
25 solution is satisfied, and that such a polymer preferably has a p-vinylphenol structure. 
[0012] The present invention relates to: 

according to a first aspect of the invention, a composition for fomning a gap-filling material to be used In production 
of a semiconductor device by a method of applying a resist for coating onto a substrate having holes where an 

30 aspect ratio defined as height/diameter is 1 or more and transf emng an image on the substrate using a lithographic 

process, which is applied to the substrate prior to the coating with the resist so as to planarize the surface of the 
substrate, characterized kiy containing a polymer solution comprised of a polymer and a solvent; 
according to a second aspect of the Invention, the composition for fomiing a gap-filling material according to the 
first aspect of the invention, characterized in that the polymer solution has a coefficient H of 0.06 or less, which Is 

35 defined as [logarithmic change in viscosity (mPas)] / [change in solid content concentration (% by weight)], and a 

viscosity of 1 to 80 mPas, which is measured at a solid content concentration of 25% by weight; 
according to a third aspect of the invention, the composition for fonning a gap-filling material according to the first 
aspect or the second aspect of the Invention, characterized in that the polymer solution contains 0.1 to 30% by 
weight of solid content; 

40 according to a forth aspect of the invention, the composition for fonning a gap-filling material according to one of 

the first aspect to the third aspect of the invention, characterized in that the solvent contains 20% by weight or 
more of a solvent (s) having a boiling point higher than a glass transition temperature of the polymer based on the 
whole solvent; 

according to a fifth aspect of the invention, the composition fonning a gap-filling material according to the fourth 
45 aspect of the invention, characterized in that the boiling point of the so^ent (s) is 10"C or more higher than the 

glass transition temperature of the polymer; 

according to a sixth aspect of the invention, the composition for fomning a ^gap-f illing material according to one of . . 
the first aspect to the fifth aspect of the invention, characterized In that the boiling point of the solvent (s) Is from 
145to220*»C; 

50 according to a seventh aspect of the invention, the composition forfomning a gap-filling material according to one 

of the first aspect to the sixth aspect of the invention, characterized in that the solvent (s) is butyl lactate, propylene 
glycol monobutyl ether, propylene glycol monomethylether acetate, cyclohexanone, diethylene glycol monometh- 
ylether, or any mixture thereof; 

according to an eighth aspect of the Invention, the composition for fonning a gap-filling material according to one 
55 of the first aspect to the seventh aspect of the invention, characterized in that a weight-average molecular weight 

of the polymer is from 500 to 30000; 

according to a ninth aspect of the invention, the composition for fonning a gap-filling material according to one of 
the first aspect to the eighth aspect of the invention, characterized in that the polymer comprises at least one 
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repeating unit represented by the following Fomnuia (1): 




Formula (1) 



[wherein and R2 each independently represent a hydrogen atom, a nrtethyl group, a fluorine atom, a chlorine 
atom, a bromine atom or a cyano group]; 

according to a tenth aspect of the invention, the composition for fomning a gap-filling material according to the 
ninth aspect of the invention, characterized in that the polymer is a homopolymer comprised of the repeating unit 
represented by the Fomnuia (1 ), or a copolymer comprised of the repeating unit represented by the Fomnuia (1 ) 
and a repeating unit which is a vinyl group that contains an aromatic moiety or a carboxylic acid ester moiety on 
a side chain thereof; 

according to an eleventh aspect of the invention, the composition for forming a gap-filling material according to 
the tenth aspect of the invention, characterized in that the polymer is poly p-vinylphenol that comprises a repeating 
unit represented by the following Fonmula (2): 




Formula (2) 



according to a twelfth aspect of the invention, the composition for forming a gap-filling material according to the 
tenth aspect of the invention, characterized in that the polymer is a bromide of poly p-vinylphenol, which comprises 
a repeating unit represented by the following Fomnuia (3): 




Formula (3) 



according to a thirteenth aspect of the invention, the composition for fomiing a gap-filling material according to the 
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tenth aspect of the invention, characterized in that the polymer is a copolymer of p-vinylphenol and styrene, which 
comprises a repeating unit represented by the following Fonmula (2): 
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Formula (2) 



Formula (4) 



and in which 20% or more of the repeating unit represented by the Fomnula (2) is contained based on the total 
number of the repeating units in the polymer; 
35 according to a fourteenth aspect of the Invention, the composition for fomning a gap-filling material according to 

the tenth aspect of the invention, characterized In that the polymer is a copolymer of p-vinylphenol and methyl 
methacrylate, which comprises a repeating unit represented by the following Fomnula (2): 



40 
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50 




Formula (2) 



and a repeating unit represented by the following Formula (5): 
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Formula (5) 



and In which 20% or more of the repeating unit represented by the Fomnula (2) is contained based on the total 
number of the repeating units in the polymer; 

According to a fifteenth aspect of the Invention, the composttron for fom-.mg ei gap-filllnomaterial according to the 
tenth aspect of the invention, characterized In that the polymer Is a copolymer of p-vinylphenol and 2-hydroxyethyl 
methacrylate, which comprises a repeating unit represented by the following Fomnula (2): 




Formula (2) 



and a repeating unit represented by the following Fonnula (6): 




Formula (6) 



and in which 20% or more of the repeating unit represented by the Fonnula (2) Is contained based on the total 
number of the repeating units in the polymer; 

according to a sixteenth aspect of the invention, the composition for forming a gap-filling material according to the 
tenth aspect of the invention, characterized In that the polymer Is a copolymer of p-vlnylphenol and butyl aciylate, 
which comprises a repeating unit represented by the following Formula (2): 
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Formula (2) 



and a repeating unit represented by the following Formula (7): 




-CH2-CH2-<5H2-CH3i 



Formula (7) 



and in which 20% or more of the repeating unit represented by the formula (2) Is contained based on the total 
30 number of the repeating units in the polymer; 

according to a seventeenth aspect of the invention, the composition for fomriing a gap-filling material according to 
one of the first aspect to the sixteenth aspect of the invention, characterized by further comprising a cross-linking 
agent having at least two cross-linking forming functional groups; 

according to an eighteenth aspect of the invention, a method of using a composition for fomiing a gap-filling material 
35 according to one of the first aspect to the seventeenth aspect of the invention, characterized In that the gap-filler 

forming composition is applied onto a substrate and is then baked in a lithographte process in production of a 
semkK)nductor device; 

according to a nineteenth aspect of the invention, a method of manufacturing a semiconductor device forming an 
integrated circuit element by transferring an image on a substrate, characterized by connprising: 

40 

a step (A) in which the composition for f onning a gap-filling material containing a polymer solution comprised 
of a polymer and a solvent is applied to a substrate having holes with an aspect ratio of 1 or more, which is 
defined as height/diameter, and is then dried to form a planarized filling layer on the substrate; 
a step (B) in which a resist is applied and dried; and 
45 a step (C) In whteh an exposure, a development, and an etching are perfomned; 

. . . according to a twentieth aspect of the invention, the method of manufacturing a semiconductor device according 
to the nineteenth aspect of the Invention, characterized in that the compositfon for forming a gap-filling material 
used in the step (A) is a composition according to one of the first aspect to the seventeenth aspect of the invention; 

so and 

according to a twenty first aspect of the invention, the method of manufacturing a semiconductor device according 
to the nineteenth aspect of the invention, characterized by further comprising a step (A') where a bottom anti- 
reflective coating Is fonned before or after the fomnation of a filling layer using the composition for fomiing a gap- 
filling material in the step (A). 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. 1 is a cross-sectional view of a state in whbh a gap-filling material is applied to a substrate having holes, 
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where reference symbol a denotes a depth fti m) of a recessed portion of the gap filling material for lithography in the 
center of the hole, and reference symbol b denotes an initial depth fti m) of a hole of the substrate used, 

Fig. 2 is a graph that represents a relationship between a concentration (% by weight) and viscosity (mPas) of 
a polymer solution used in Examples and Comparative Examples, where concentration values are plotted on the lateral 
axis and viscosity values measured at 25''C are plotted in common logarithm on the vertical axis. In the figure, ® is 
a straight line that denotes a coefficient H of Example 1 and Example 2, @ is a straight line that denotes the coefficient 
H of Example 3, © is a straight line that denotes the coefficient H of Example 5, @ is a straight line that denotes the 
coefficient H of Example 6,® Is a straight line that denotes the coefficient H of Comparative Example 2, and® is a 
straight line that denotes the coefficient H of Comparative Example 3. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 4] A dual damascene method Is a method of fomiing a wiring groove (a trench) and a connecting hole (a hole) 
on the same place on a substrate and filling them with Cu to make use thereof. The dual damascene method is capable 

IS of overcoming problems concerning miniaturization of a chip size and a wiring delay thereof. 

' [0015] A grnL^ndmaterial such as a bottom anti-reflective coating mateli^i^tsrappt?^ ^ 
to avoid mal(ing a square-shaped resist pattern unobtainable by a reflection from the upper surface of the substrate, 
i.e., a reflection from the bottom surface of a photoresist, at the time of coating the photoresist and transferring an 
image onto the substrate using a lithographic process. 

20 [0016] However, the substrate to be used in the dual damascene process has holes with an aspect ratio defined as 
height/diameter of 1 or more, normally in the range of 1 to 20. Thus, the ground material such as the conventional 
bottom anti-reflective coating material may have a poor flowing property, so that the ground material cannot flow into 
every part of the hole. As a result, a recessed portion of the ground material is generated in the center portion of the 
hole after that the ground material is applied using an spinner and Is then dried. Even though the resist had applied to 

25 it. therefore, there was a case that an appropriate pattern could not be obtained due to a diffused reflection caused by 
the irregularity of the bottom surface of a resist. 

[0017] It is found that a decrease in the fluidity of ttie ground material is caused by an increase in the viscosity of 
the ground material as a result of an Increase in the solid content concentration of the base material as the solvent in 
the ground material is evaporated by a rotation of the substrate at the time of the application of the ground material to 

30 the substrate using Vne spinner through dropping. The solid content concentration of the ground material before the 
application is normally about 1 0% by weight. On the other hand, when the ground material Is allowed to flow Into the 
hole, on the spinner, the increment of its solid content may be about 20 to 50% by weight, or about 70% by weight 
depending on the conditions. In other words, comparing with viscosity before the application, the ability of flowing into 
the hole decreases due to a proportional Increase In the viscosity caused by an increase in the solid content concen- 

35 tration. Therefore, a desired ground material is of a small change In its viscosity even though the solid content con- 
centration thereof increases. 

[0018] Furthermore, for concunrently forming holes and trenches by etching, there is a need for ttie ground matenal 
of the above-mentioned process to have large dry etching rate as compared with that of ttie resist. The ground material 
such as a bottom anti-reflective coating material has a low dry etching rate in general because it Is provided with an 
40 anti-reflective function and it has a light-absort)lng portion (chromophore) with a large absorption coefficient allowing 
the ground material to absort) exposure light. Therefore, it is preferable that ttie ground material does not Include any 
chromophore in order to increase the dry-etching rate. 

[0019] The planarization of a substrate having holes is perfomned atfirst by the application of a ground material using 
a spinner (the first step of planarization). In this regard, the present inventors find that a favorable flow characteristic 

45 of the ground material to be required for planarizing at ttie time of the above application can be attained when a viscosity 
measured at a solid content concentration of 25% by weight is 1 to 80 mPas and a coefficient H defined as [logarithmic 
change in viscosity (mPas)] / [change in solid content concentration (% by.weight)] Is 0.06 or less. In addition, it is also 
found that a composition containing a polymer solution that satisfies such a cor-Jition Is suitable for ttie formation of a 
gap filling material for lithography to be used for planarizing ttie substrate having the holes. 

50 [0020] Here, a value of the logarithmic change in the viscosity Is represented as a common logarithmic value. Also, 
25% by weight in solid content concentration is a concentration when the flow into the hole is expected. The range 
from 1 to 80 mPas is a necessary viscosity range for ensuring a good ability of flowing into the hole with an aspect 
ratio of 1 or more. For preventing the viscosity from largely changing due to variations in solid content concentration, 
a polymer solution capable of keeping the above coefficient H at 0.06 or less is used. The approach of coefficient H to 

55 zero means that the viscosity (logarithm) varies within a narrow range with respect to variations in solid content con- 
centration. Therefore, the coefficient H may be ideally zero. In reality, it is in the range of 0.02 g H ^ 0.06. The coefficient 
H can be easily determined by actual measurement of the percentage change of viscosity for a solid content concen- 
tration of about 8% by weight to 25% by weight using an E-type viscometer at 25**C. 
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[0021] However, even after the application of the ground material to the substrate using the spinner, the ground 
material is still not filled in the hole all over and a void may be remained in the hole. In such an event, there is a need 
to planarize the void at the time of heat-curing of the ground material (the second step of planarizing). That is, the 
second step of planarizing is required to hold up an increase in the solid content concentration at the time of heat- 
5 curing of the ground material and also to provide the ground material with a fluidity even at the time of heating at a 
glass transition temperature of the polymer or higher. 

[0022] Such characteristics can be attained as follows : at least part of a solvent that fomns a polymer solution consists 
of a soh^ent (s) having a boiling point higher than the glass transition temperature of the polymer, preferably higher 
than it by 10*»C or higher. Furthemrrore, it is preferable that the boiling point of the solvent (s) ranges from 145°C to 

10 220°C. Using such a solvent (s) having a high boiling point makes the volatile rate of the solvent smaller In the step of 
baking, so that an Increase in viscosity can be retarded. The retardation of the rise in the viscosity causes the f luidization 
of the polymer solution when the polymer is heated at a glass transition temperature of the polymer or higher, so that 
the void remained in the hole can be perfectly filled and the applied ground material can be entirely fluidized. Therefore, 
even if there is a recessed portion formed in the upper portion of the hole by filling the hole, the ground material directly 

is flows into it from the sun^undings to planarize the base material formed on the substrate. 
^ [0023] **. Kiy.VBver.-&;r sxci&sively I .iyh boiling point of the so^ent (s) is also-undesirable. ThT? is beca^se^h;^ sohfent^ - 
cannot be vaporized and remained in the gap filling material at the time of heat-curing generally perfomDed at 220<*C 
or less after the spin-coating. Therefore, it Is preferable that the solvent (s) to be used for the above polymer solution 
has a boiling point in the range of 145**C to 220°C. A solvent in such a polymer solution is mainly comprised of the 

20 solvent (s) having a high boiling point, while allowing a solvent having a low boiling point to be mixed therein. However, 
the solvent (s) may be contained at a percentage of 20% by weight or more, preferably 30% by weight or more in the 
total solvents. The solvent only consisting of the solvent (s) having the high boiling point may be used. In general, 
however, the soh^ent (s) having the high boiling point is used at a percentage of 20 to 80% by weight, preferably 30 to 
80% by weight in the whole solvent. If such a percentage is less than 20% by weight, the fluidity of the polymer decreases 

25 as the solvent is entirely vaporized at the time of baking, worsening the planarization property. On the other hand, if it 
exceeds 80% by weight, there is a problem in the surface property of the applied gap filler 

[0024] The composition for forming a gap-filling material of the present invention can be used for planarizing the 
surface of the substrate by coating the substrate with the composition, and brings about an effect of confining a low- 
molecular weight compound to be escaped from the substrate. 

30 [0025] In addition to the above polymer solution, the composition for fonning a gap-filling material of the present 
invention may further comprise a cross-linking agent having at least two cross-linking fonnlng functional groups, a 
cross-linking catalyst, and another additive according to need. The total solid content Including the polymer, the cross- 
linking agent, and the cross-linking catalyst Is 0.1 to 30% by weight, preferably 0.1 to 20% by weight. Furthermore, the 
content of the polymer is 30 to 99% by weight, preferably 50 to 90% by weight with respect to the total solid content. 

35 [0026] The molecular weight of the polymer in the polymer solution to be contained in the composition for fencing a 
gap-filling material of the present Invention may be of a weight-average molecular weight of 1 000 to 1 00000, preferably 
1000 to 60000, further preferably 1000 to 30000, even though it varies depending on the used soh/ent to be applied, 
the viscosity of the solution, the shape of the film and so on. If the weight-average molecular weight of the polymer is 
less than 1 000, it is difficult to obtain a film In an amorphous state. Also, in the step of baking it is highly possible for 

40 the polymer to sublimate, which makes it diffknjit to obtain the ptanarized film. Furthermore, among the polymers having 
a weightnaverage molecular weight of more than 30000, those that meet the above viscosity conditions are few. 
[0027] The above-mentioned polymer may preferably be a polymer that contains at least 1 or more hydroxyl groups, 
whteh are cross-linking fonming functional groups, per repeating unit. Examples thereof include themnoplastic polymers 
whteh are obtained by polymerizing compounds having one addition-polymerization unsaturated bond in a molecule 

45 selected from acrylic acids, hydroxyalkyi acrylates, hydroxyalkyl methacrylates, styrenes, celluloses, crotonfc acids 
and so on, thermosetting phenol resins and so on. 

. [0028] . .Hereinafter, the examples of acrylte acids, hydroxyalkyl acrylates, hydroxyalkyl methacrylates^ styrenes, ceU 

lubsos, and crotonic acids wrH be described, respectively. - ^ . / . r 

[0029] Acrylic acids: acrylk: acid, and methacrylic acid. 

50 [0030] Hydroxyalkyl acrylates: hydroxyalkyl acrylates having a side-chain alkyl group of 1 to 10 cart)on atoms, for 
example, hydroxymethyl acrylate, hydroxyethyl acrylate, hydroxypropyl acrylate, and hydroxybutyl acrylate. 
[0031] Hydroxyalkyl methacrylates: hydroxyalkyl methacrylates having a side-chain alkyl group of 1 to 10 cartDon 
atoms, for example, hydroxymethyl methacrylate, hydroxyethyl methacrylate, hydroxypropyl methaciylate, and hy- 
droxybutyl methacrylate. 

55 [0032] Styrenes: hydroxy styrene, hydroxybromo styrene, and carboxy styrene. 
[0033] Celluloses: cellulose, cellulose acetate, cellulose nitrate, and chltosan. 

[0034] Crotonic acids: crotonic acids having an alkyl group of 1 to 10 cartoon atoms, for example, methyl crotonate, 
ethyl crotonate, propyl crotonate, and butyl crotonate. 
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[0035] Phenol resins can be obtained by polycondensation between phenols and aidehydes in the presence of an 
acidic catalyst. The phenols to be used therein include, for example, phenol, o-cresol, m-cresol, p-cresol, o-ethyl phenol, 
m-ethyl phenol, p-ethyl phenol, o-butyl phenol, m-butyl phenol, p-butyl phenol, 2,3-xylenol, 2,4-xylenol, 2,5-xylenol, 
3,4-xylenol, 3,5-xylenol, 2,3,54rimethyl phenol, 3,4,5-trimethyl phenol, p-phenyl phenol, hydroquinone, catechol, re- 
sorcinol, 2-methyl resorcinol, pyrogallol, a -naphthol, p -naphthol, bisphenol A, dihydroxybenzoic acid ester, o-nitro- 
phenol, m-nitrophenol, p-nitrophenol, o-chlorophenol, m-chlorophenol, p-chlorophenol and so on. AnDong them, o- 
cresol, m-cresol, p-cresol, 2,3-xylenol. 2,4-xylenol, 2,5-xylenol, 2,3,5-trimethyl phenol, resorcinol and 2-methyl resor- 
cinol are preferable. 

[0036] Furthermore, the aldehydes to be polycondensed with the above-mentioned phenols include, for example, 
fomialdehyde, trioxan, parafomialdehyde, benzaldehyde, acetaldehyde, propyl aldehyde, phenyl aldehyde, a -phenyl- 
propyl aldehyde, p -phenyl-propyl aldehyde, o-hydroxybenzaldehyde, m-hydroxybenzaldehyde. p-hydroxybenzalde- 
hyde, o-chlorobenzatdehyde, 

m-chlorobenzaldehyde, p-chlorobenzaldehyde, o-nitrobenzaldehyde, 
m-nitrobenzaldehyde, p-nltrobenzaldehyde, o-methylbenzaldehyde, 
m-methylbenzaldehyde, p-methylbenzaldehyde, o-ethylbenzaldehyde, 

m-ethylbenzaldehyde: p^elnylbenzattfehyde. p-nonra? biityl aldehyde, furfural, 1-naphtoaldehyde, 2-naphtos!5&hyde'' 
and 2-hydroxy-1-naphtoaldehyde. Among them, fomialdehyde Is specifically preferable. 

[0037] The above-mentioned polymer can be copolymerized with an uncross-linkable monomer except the polymer 
described above, so that dry etching speed, reflectivity and so on can be finely adjusted. This kind of copolymerizable 
monomers include, for example, a compound having one addition-polymerization unsaturated bond selected from 
acrylic esters, acrylamides, methacrylte esters, methacrylamides, allyl compounds, vinyl ethers, vinyl esters, styrenes 
and crotonk: esters. 

[0038] Hereinafter, the examples of acrylte esters, acrylamides, methacrylate esters, methacrylamides, allyl com- 
pounds, vinyl ethers, vinyl esters, styrenes, and crotonic esters will be described, respectively. 
[0039] Acrylk; esters: alkyi acrylate having an alkyi group of 1 to 10 cart)on atoms. 
[0040] Methacrylic esters: alkyl methacrylate having an alkyi group of 1 to 1 0 carbon atoms. 
[0041] Acrylamides: acrylamlde, N-alkylacrylamlde, N-arylacrylamide, N,N-dialkyl acrylamide, N.N-arylacrylamlde, 
N-methyl-N-phenylacrylamide, and N-2-acetamidoethyl-N-acetylacrylamide. 
[0042] Methacrylamides: methacrylamide, N-alkylmethacrylamlde, 

N-arylmethacrylamide, N,N-dialkylmethacrylamide, N,N-diarylmethacrylamide, N-methyl-N-phenylmethacrylamlde, 

and N-ethyl-N-phenylmethacrylamide. 

[0043] Vinyl ethers: alkylvinyl ether, and vinylaryl ether. 

[0044] Vinyl esters: vinyl butyrate, vinyl isobutyrate, and vinyltrimethyl acetate. 

[0045] Styrenes: styrene, alkyl styrene, alkoxy styrene, and halogenated styrene. 

[0046] Crotonic esters: alkyl crotonates such as butyl crotonate, hexyl crotonate, and glycerol monocrotonate. 
[0047] Furthemiore, dialkyi itaconates, dialkyi esters or monoalkyi esters of maleic acid or fumaric acid, crotonk; 
acid, itaconto acid, maiek; anhydride, maleimlde, acrylonitrile, methacrylonitrile, maleylonitrile, and so on can be also 
used. Additionally, in general, an addition-polymerization unsaturated compound which is capable of copolymerization 
with a polymer that contains at least 1 or more hydroxyl groups, which are cross-linking reactive groups, per repeating 
unit can be used. 

[0048] The polymer in the composition for fomning a gap-filling material of the present invention may be any one of 
random polymers, block polymers, and graft polymers. It can be synthesized by a method of radical polymerization, 
anionic polymerization, catlonic polymerization, or the like. Furthemiore, a variety of forms such as solution polymer- 
ization, suspension polymerization, emulsion polymerization, mass polymerization and so on can be used. 
[0049] The polymer preferably contains at least a repeating unit represented by the Formula (1). In other words, 
provided that the repeating unit represented by the Fomiula (1) is indispensable, preferred is a homopolymer or a 
derivative thereotconsisting of the repeating.unitrepresented.by the Fomnula (1) alone, or a copolymer comprised of ., 
the repeating unit represented by the Fomiula (1) and another repeating unit copolymerizable therewith. 
[0050] More preferable polymer described above may be a homopolymer consisting of the repeating unit of the 
Fonnula (1) or a copolymer comprised of the repeating unit represented by the Fonriula (1); and a repeating unit of a 
vinyl group that contains an aromatic moiety or a carboxylate ester moiety on a side chain thereof. 
[0051] The above-mentioned aromatic moiety is, for example, a benzene ring, a benzene ring having a substituent 
or the like. 

[0052] Furthemiore, the above-mentioned cartaoxylate ester moiety is ester such as methyl, ethyl, propyl, butyl, hexyl. 
hydroxymethyl, 2-hydroxyethyl or 3-hydroxypropyl. 

[0053] More specifically, the polymer to be used in the composition for fomiing a gap-filling material of the present 
invention may be preferably a homopolymer comprised of a repeating unit represented by the Fomiula (2) or (3), or a 
copolymer comprised of a repeating unit represented by the formula (2) and a repeating unit represented by the For- 
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mulas (4) to (7). 

[0054] The repeating unit represented by the Formula (2) is p-vinylphenol, and a homopolymer obtainable by the 
polymerization of such a repeating unit can be yielded by a conventional method. For instance, it can be obtained by 
streaming a solution prepared by dissolving p-hydroxystyrene monomer in propylene glycol (manufactured by LAN- 

5 CASTER Co., Ltd.) with nitrogen for 30 minutes, followed by addition of azobisisobutyronitrile (AIBN, manufactured by 
JUNSEI CHEMICAL Co., Ltd.) as a polymerization initiator while holding the reaction solution at 70*»C, and stirring for 
48 hours In a nitrogen atmosphere. A reactant can be collected as powder by reprecipitating It in one litter of distilled 
water. The weight-average molecular weight of this polymer is 1000 to 100000, preferably 1000 to 60000, further 
preferably 1000 to 30000. In addition, such a polymer is also commercially available. 

10 [0055] The homopolymer comprised of the repeating unit represented by the Fomnula (3) is one in which a hydrogen 
atom at an ortho position and/or a meta position of the benzene ring of p-vinylphenol is substituted with one and a half 
bromine atoms in average per one unit of p-vinylphenol. The methods for obtaining the polymer include a method of 
brominating a homopolymer comprised of the repeating unit represented by the Fonnula (2). For instance, It can be 
obtained by dissolving the homopolymer comprised of the repeating unit represented by the Formula (2) in carbon 

15 tetrachloride or carbon bisulfide, followed by streaming the solution with nitrogen for 30 minutes, adding bromine in 
the solutiori at a room tampefsture. and SKmng for 5 hours. A 'reactant can be collected as powder by repreciprtating * 
it in one liter of distilled water. The weight-average molecular weight of this polymer is 1 000 to 1 00000. preferably 1 000 
to 60000, further preferably 1000 to 30000. In addition, such a polymer can be also commercially available. 
[0056] In the copolymer comprised of the repeating unit represented by the Formula (2) and the repeating unit rep- 

20 resented by the Fomnula (4), a p-vinylphenol unit represented by the Fonnula (2) is amain component thereof containing 
20% or more, preferably 20% to 80% of the repeating unit based on the total number of repeating units in the copolymer. 
In addition, for example, such a copolymer can be obtained by dissolving commercially-available p-hydroxystyrene 
monomer and styrene monomer in propylene glycol, followed by streaming the reaction solution with nitrogen for 30 
minutes, adding azobisisobutyronitrile (AIBN) as a polymerization initiator, and stimng for 48 hours in a nitrogen at- 

25 mosphere while maintaining the reaction solution at 70''C. A reactant can be collected as powder by reprecipitating it 
In one liter of distilled water. The weight-average molecular weight of this polymer is 1 000 to 1 00000, preferably 1 000 
to 60000, further preferably 1000 to 30000. In addition, such a polymer can be also commercially available. 
[0057] In the copolymer comprised of the repeating unit represented by the Formula (2) and the repeating unit rep- 
resented by the Fomnula (5), a p-vinylphenol unit is a main component thereof containing 20% or more, preferably 20% 

30 to 80% of the repeating unit based on the total number of repeating units in the copolymer. In addition, for example, 
such a copolymer can be obtained by dissolving commercially-available p-hydroxystyrene monomer and methyl meth- 
acrylate in propylene glycol, followed by streaming the reaction solution with nitrogen for 30 minutes, adding azobi- 
sisobutyronitrile (AIBN) as a polymerization initiator, and stirring for 48 hours in a nitrogen atmosphere while maintaining 
the reaction solution at 70°C. A reactant can be collected as powder by reprecipitating in one liter of distilled water. 

35 The weight-average molecular weight of this polymer is 1 000 to 1 00000, preferably 1 000 to 60000, further preferably 
1000 to 30000. In addition, such a polymer can be also commercially available. 

[0058] In the copolymer comprised of the repeating unit represented by the Fomnula (2) and the repeating unit rep- 
resented by the Fomnula (6), a p-vinylphenol unit represented by the Formula (2) Is a main component thereof containing 
20% or more, preferably 20% to 80% of the repeating unit based on the total number of repeating units In the copolymer. 

40 In addition, for example, such a copolymer can be obtained by dissolving commercially-available p-hydroxystyrene 
monomer and 2-hydroxyethyl methacrylate in propylene glycol, followed by streaming the reaction solution with nitrogen 
for 30 minutes, adding azobisisobutyronitrile (AIBN) as a polymerization initiator, and stimng for 48 hours in a nitrogen 
atmosphere while maintaining the reaction solution at 70°C. A reactant can be collected as powder by reprecipitating 
it In one liter of distilled water. The weight-average molecular weight of this polymer is 1 000 to 1 00000, preferably 1 000 

45 to 60000, further preferably 1 000 to 30000. In addition, such a polymer can be also commercially available. 

[0059] In the copolymer comprised of the repeating unit represented by the Fonnula (2) and the repeating unit rep- 
resented by the.formula (7),.a4)r.vinylphenol unit represented by the Fomnula (2) isa main component thereotcontaining. m.,r. „ ^ w.^.. . ..-^i 
20%ormore,prefer8bly20%toS0%ofthGrepeatlngunitbasedonthetotalnumberofrepeatingunitsinthecopolymer. 
\r) addition, for example, such a copolymer can be obtained by dissolving commercially-available p-hydroxystyrene 

50 monomer and butyl methacrylate in propylene glycol, followed by streaming the reaction solution with nitrogen for 30 
minutes, adding azobisisobutyronitrile (AIBN) as a polymerization initiator, and stimng for 48 hours in a nitrogen at- 
mosphere while maintaining the reaction solution at 70**C. A reactant can be collected as powder by reprecipitating it 
In one liter of distilled water. The weight-average molecular weight of this polymer Is 1 000 to 1 00000, preferably 1 000 
to 60000, further preferably 1000 to 30000. In addition, such a polymer can be also commercially available. 

55 [0060] As a polymer to be used in the composition for fomning a gap-filling material for lithography of the present 
invention, poly p-vinylphenol, bromide of poly p-vlnylphenol, copolymer of p-vinylphenol and styrene, copolymer of p- 
vinylphenol and methyl methacrylate, copolymer of p-vinylphenol and 2-hydroxyethyl methacrylate, and copolymer of 
p-vlnylphenol and butyl acrylate are preferable. Each of these polymers has a glass transition temperature of 100 to 
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170«C. 

[0061 1 The composition for forming a gap-filling material for lithography of the present invention is allowed to contain 
a cross-linking agent having at least two cross-linking fonming functional groups. The cross-linking agents include 
melamines, substituted ureas, polymers that contain epoxy groups and so on. Among them, a preferable compound 
is methoxymethylated glycoluril, methoxymethylated melamine, or the like, and a more preferable compound is tetram- 
ethoxymethyl glycoluril or hexamethoxymethylol melamine. Even though the addition amount of the cross-linking agent 
varies depending on the applteation solvent to be used, the base substrate to be used, the desired viscosity of the 
solution, the desired shape of the coating, and so on, it is 0.001 to 20 parts by weight, preferably 0.01 to 10 parts by 
weight, further preferably 0.1 to 5.0 parts by weight per 100 parts by weight of the whole composition. 
[00621 The composition for fomiing a gap-filling material for lithography of the present invention is allowed to contain 
a cross-linking catalyst. The cross-linking catalysts include compounds capable of regulating the progression of a 
cross-linking reaction, such as a compound that generates an acid by heat and a compound that generates an acid 
by light. Among them, preferable compounds are a p-toluenesulfonic acid, a pyridlum p-toluenesulfonic acid and so 
on. Even though the addition amount of the cross-linking catalyst varies depending on the application solvent to be 
used, the ground substrate to be used, the desired viscosity of the solution, the desired shape of the coating, and so 
on, It is 0.01. to 30 parts by weight, preferably 0.1 to 30 parts^ by weight, further preferably 0.5 to 20 parts by weight per * 
100 parts by weight of the addition amount of the cross-linking. agent. . . 

[0063] In the composition for fomning gap-filling material for lithography of the present invention, the solvents whfeh 
can be used for dissolving the polymer include ethylene glycol monomethylether, ethylene glycol monoethyl ether, 
methyl cellosolve acetate, ethyl cellosolve acetate, diethylene glycol monomethylether, diethylene glycol monoethyl 
ether, diethylene glycol monobutyl ether, propylene glycol, propylene glycol monomethylether, propylene glycol mo- 
noethyl ether, propylene glycol monobutyl ether, propylene glycol monomethylether acetate, propylene glycol propyl 
ether acetate, toluene, xylene, methylethyl ketone, cyclopentanone, cyclohexanone, ethyl 2-hydroxypropionate, ethyl 

2- hydroxy-2-methyl propionate, ethyl ethoxyacetate, ethyl hydroxyacetate, methyl 2-hydroxy-3-methylbutanate, methyl 

3- nethoxypropionate, ethyl 3-methoxypropionate, ethyl 3-ethoxypropionate, methyl 3-ethoxypropionate, methyl pyru- 
vate, ethyl pyruvate, ethyl acetate, butyl acetate, ethyl lactate, butyl lactate, cyclohexanone, and so on. These organs 
soh/ents may be used solely or may be used as a combination of two or more of them. 

[0064] The solvent to be used in a polymer solution of the composition for fomning gap-filling material for lithography 
of the present invention may preferably contain at least a solvent (s) having a boiling point higher than a glass transition 
temperature of the above-mentioned polymer. Spedffcally, the solvent (s) may preferably have a boiling point 10'C or 
more higher than the glass transition temperature of the polymer. In addition, considering the temperature of drying or 
baking to be perf omned after the application of the composition for fomning gap-filling material of the present invention 
to the substrate, the boiling points of these solvents may preferably be In the range of 145''C to 220'*C. Furthemnore, 
it is preferable that the vapor pressure of the solvent is 933 Pa (=7 mmHg) or less at 20^0. 

[0065] The solvents (s) that satisfy these conditions include propylene glycol monomethylether, propylene glycol 
monobutyl ether, butyl lactate, diethylene glycol monomethylether, cyclohexanone, propylene glycol monomethylether 
acetate and so on. Among them, butyl lactate, propylene glycol monobutyl ether, propylene glycol monomethylether 
acetate, cyclohexanone, diethylene glycol monomethylether, or any mixture thereof is preferable. 
[0066] In addition to the above-mentioned components, the composition for fomning a gap-filling material for lithog- 
raphy of the present invention may further contain a rheology adjusting agent, a co-adhesive agent, a surfactant and 
so on if required. 

[0067] The rtieology adjusting agent is added to improve the flow properties of the composition for forming gap-filling 
material for lithography. Particulariy, In the step of baking, it is added for the purpose of improving the filling property 
of the composition for fonning a gap-filling nnaterial for lithography into the inside of the hole. Specifically, the rtieology 
adjuster include phthallc acid derivatives of dimethyl phthalate, diethyl phthalate, diisobutyl phthalic acid, dihexyl phtha- 
late, and butyl isodecyl phthalate, adipate derivatives such as dinomnalbutyl adipate, diisobutyl adipate, diisooctyl ad- 
. ipate and octyldecyl adipate, malete acidderivatives such as dinomnalbutyl malate, diethyl malate and dinonyl malate, 
oiek; acid derivatives such as methyl oleata, t>uiyt oieate and tf^trahydrcf urf uryl oleate, or steark; acid derivatives such 
as nomial butyl stearate and glyceryl stearate. These rheology adjusting agents may be nomnally compounded in the 
proportions of less than 30 parts by weight based on 1 00 parts by weight of the composition for forming a gap-filling 
material for lithography. 

[0068] The co-adhesive agent is added to improve the adhesion between the substrate or resist and the composition 
for forming gap-filling material for lithography and to prevent the resist pattern collapse, especially in the development. 
Specifically, the co-adhesive agents include chlorosilanes such as trimethyl chlorosilane, dimethyh^inyl chlorosilane. 
methyldiphenyl chlorosilane, and chloromethyl dimethyl chlorosilane and so on, alkoxy silanes such as trimethyl meth- 
oxy silane, dimethyl diethoxy silane, methyl dimethoxy sllane, dimethyl vinylethoxy silane, diphenyl dlmethoxy sllane, 
phenyl triethoxy silane and so on, silazanes such as hexamethyl disilazane, N,N'-bis(trimethylsilane) urea, dimethyl 
trimethylsilyl amine, trimethylsilyl Imidazole and so on, silanes such as vinyl trichlorosilane, y^hloropropyl trimethoxy 
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silane. y -aminopropyl triethoxy sllane, y -glyddoxypropyl trimethoxy silane and so on, heterocyclic compounds such 
as benzotriazole, benzoimidazole, Indazole, Imidazole, 2H7iercaptobenzoimldazole, 2-mercaptobenzothiazole, 2-mer- 
captobenzoxazole, urazole, thiouracll, mercaptolmldazole, mercaptopyrimidlne and so on, urea compounds such as 
1,1-dimethylurea, 1 ,3-dimethylurea and so on or thiourea compounds. These co-adheslve agents may be nomnally 
5 compounded in the proportions of less than 5 parts by weight, preferably less than 2 parts by weight based on 100 
parts by weight of the total composition for fonrting a gap-filling material for lithography 

[0069] In the composition for fomiing a gap-filling material for lithography of the present invention, a surfactant may 
be compounded to prevent the generation of pin hole, striation or the lilce and to further improve thickness uniformity 
of the various location on the substrate. The surfactants include, for example, nonionic surfactants such as polyox- 

10 yethylene allcyl ethers including polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl 
ether, polyoxyethylene oleyl ether and so on. polyoxyethylene allcylallyl ethers including polyoxyethylene octylphenol 
ether, polyoxyethylene nonylphenol ether, and so on, polyoxyethylene/potyoxypropylene block copolymers, sorbitan 
fatty acid esters including sorbitan monolaurate, sorbitan monopalmitate, sorbitan monostearate, sorbitan monooleate, 
sorbitan trioleate, sorbitan tristearate, and so on, polyoxyethylene sorbitan fatty acid esters including polyoxyethylene 

15 sortaitan monolaurate, polyoxyethylene sorbitan monopalmitate, polyoxyethylene sorbitan monostearate, polyoxyeth- 
ylene soifcitantrioleate,'polyoxyethylene sorbitan tristearate, and soon; fluorine-t^ " ■ 
EF303, and EF352 (manufactured by Tochem Products K. K.), Megafac F171, F173. R-08 and R-30 (manufactured 
by Dainippon Ink and Chemfcals INC.). Florad FC430 and FC431 (manufactured by Sumitomo 3M K. K.), Asahi-guard 
AG710, Surflon S-382, SC101, SC102, SC103, SC104, SC105 and SC106 (Asahi Glass Co., Ltd.) and so on; and 

20 organosibxane polymer KP341 (Shin-etsu Chemical Co., Ltd.); and so on. Amount of these surfactants to be com- 
pounded Is nonnally less than 0.2 parts by weight, preferably less than 0.1 parts by weight based on 100 parts by 
weight of the total composition of the present invention. These surfactants may be added solely or may be added as 
any combination of two or more surfactants. 

[0070] Either of negative- or positive-type resist can be used as resist coated over the top layer of the composition 
25 for fomriing a gap-filling material for lithography of the present invention. The resists include a positive-type resist 
including a novolac resin or 1,2-naphthoquinone diazidesulfonfc acid ester, a chemical amplification type resist com- 
prised of a photo-acid generator and a binder having a group which can increase alkaline dissolving speed by the 
decomposition with an add, a chemical amplification type resist comprised of an alkali-soluble binder, a photo-acid 
generator and a low-molecular weight compound whteh can increase decomposition with an acid to increase alkaline 
30 dissolving speed of resist, a chemical amplification type resist comprised of a photo-acid generator, a binder having a 
group whteh can increase the alkaline dissolving speed by the decomposition with an acid and a low-molecular weight 
compound which can increase the alkaline dissolving speed of the resist by the decomposition with an acid and the 
like, for example, including APEX-E (manufactured by Shipley Company). 

[0071] The developers which can be used for the positive type photoresist coated over a gap-filling material for 
35 lithography fonned with the use of the composition for fomning a gap-filling material for lithography of the present 
invention may be alkaline aqueous solutions of: inorganic alkalines such as sodium hydroxide, potassium hydroxide, 
sodium carbonate, sodium silteate, sodium metasilicate, aqueous ammonia and so on; primary amines such as ethyl 
amine, n-propyl amine and so on; secondary amines such as diethyl amine, dinormalbutyt amine and so on; tertiary 
amines such as triethyl amine, methyl diethyl amine and so on; alcohol amines such as dimethylethanol amine, trieth- 
40 anol amine and so on; quatemary ammonium salts such as tetramethyl ammonium hydroxide, tetraethyl ammonium 
hydroxide, choline and so on; cyclic amines such as pyn^ole, piperidlne and so on; and so on. Furthenmore, alcohols 
such as Isopropyl alcohol, anionic surfactant and the like, and so on may be used by adding proper quantity thereof 
to the alkaline aqueous solution. Among them, a preferable developer Is the quatemary ammonium salt, more preferably 
tetramethyl ammonium hydroxide and choline. 
45 [0072] In the present Invention, a semteonductor device can be manufactured by f omning an integrated circuit element 
by transferring an image on a substrate by a method comprising: 

a step (A) in which the above-mentioned composition for fonming e gap-tilling material Is applied to a substrato^' , 
having holes with an aspect ratio of one or above, where the aspect ratio is defined as helght^diameter, and is then 
so dried to fomi a planarized filling layer on the substrate; 

a step (B) in which the resist is applied and dried; and 

a step (C) In which an exposure, a development, and an etching are performed. Then, a bottom anti-reflective 
coating can be fonned before or after the formation of the filling layer using the composition for fomiing a gap- 
filling rnaterial in the above step (A). 

55 

[0073] The method for manufacturing a semiconductor device of the present invention will be more concretely de- 
scribed. At first, a composition for forming a gap-filling material for lithography is applied to a substrate to be used in 
the production of a precision integrated circuit element (e.g., a transparent sukTStrate such as silicon/silicon dioxide 
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coating, silicon nitride coating, glass substrate. ITO substrate and so on) by an appropriate application nnethod such 
as one using a spinner or a coater, followed by baking and curing to obtain a gap filling material. Preferably, here, the 
gap filling material may have a film thickness of 0.01 to 3.0 \i m and the baking conditions may be at SO^'C to 250"'C 
for 0.3 to 120 minutes. Subsequently, a bottom anti-reflectlve coating is coated and is then baked and cured to fomi a 
5 bottom anti-reflective coating. Furthemiore, a photoresist is applied and is then exposed through a predetemnined 
mask, followed by developing, rinsing and drying to produce a semiconductor device. If required, two stages of baking 
with different temperatures and post exposure baking (PEB) may be perfomied. 

[0074] In another method for manufacturing a semiconductor device, a composition for forming a gap-filling material 
for lithography can be obtained by fonning a bottom anti-reflectlve coating made of an inorganic material on a substrate 

10 to be used in the production of a precision integrated circuit element (e.g., a transparent substrate such as silicon/ 
silicon dioxide coating, silicon nitride coating, glass substrate, and ITO substrate) by, for example, the CDV method, 
and applying a composition for fomning a gap-filling material for lithography thereon by an appropriate application 
method such as one using a spinner or a coater, followed by baking and curing to obtain a gap-filling material for 
lithography. Preferably, here, the gap filling material may have a film thickness of 0.01 to 3.0 \i m and the baking 

15 conditions may be at SO'^C to 250**C for 0.3 to 1 20 minutes. Subsequently, a photoresist is coated and is then exposed 
Ihrougli s pri«Jetermihed mask, followed by developing, rinslngr andrlryfr.g ioprodt'ce a superior s£mkx)ndu<^or device, e 
If required, two stages of baking with different temperatures and post exposure baking may be perfomned. 
[0075] A substrate having holes can be favorably planarized by means of the composition for fonning a gap-filling 
material of the present invention. In the polymer to be used in the composition for forming a gap-filling material of the 

20 present inventton, there is introduced no aromatic group having a light-absorbency such as is present in the polymer 
to be used in the composition for fonning a bottom anti-reflectlve coating, thus realizing a larger dry etching rate. Thus, 
It has a larger dry-etching ability as compared with that of the photoresist to be coated on the upper layer and, as the 
case may be, as compared with that of the bottom anti-reflectlve coating. Therefore, a film thtekness of the resist can 
be reduced and a fine image can be transferred to the substrate. 

25 [0076] As a method for attaining further enhanced planarizing ability of the composition for fonning a gap-filling 
material for lithography of the present invention, there is a method in whteh the glass transfer temperature (Tg) for a 
polymer to be used is lowered a little to provide it with a fluidity at the time of baking while making it become insoluble 
to the resist solvent after complete solidification. For this purpose, there is conceived an idea of slightly decreasing the 
cross-linking points. For attaining such a function of planarizing, there may be conceived a various kinds of methods 

30 including those concemed with the polymerization degree of the polymer, the concentration of the polymer having 
cross-linking points in the composition, the percentage of the polymers having cross-linking points In the total solids, 
the selection of additive components and so on. 

[0077] Hereinafter, the present Invention will be described in detail according to Examples thereof. However, the 
present invention is not limited to these Examples. 

35 

Synthette Example 1 

[0078] In 300 g of a solutton (manufactured by l_ANCASTER Co., Ltd.) in whfch p-vinyt phenol monomer with a solid 
content concentration of 1 0% by weight was dissolved in a propylene glycol. 11 g of styrene monomer (Tokyo Kasei 

40 Kogyo Co., Ltd.) was dissolved. Then, the solution was streamed with nitrogen for 30 minutes. 0.7 g of azobisisobu- 
tyronitrile (AlBN, manufactured by Junsei Chemical Co., Ltd.) as a polymerization initiator was added while holding 
the reaction solution at 70'C, and was then stirred in a nitrogen atmosphere. A reactant was collected by re-precipitating 
in one litter of distilled water. The resulting sediment was filtrated and was then dried to obtain powder of the polymer. 
The resulting polymer was subjected to a GPC analysis. As a result, the weight-average molecular weight of the re- 

45 suiting polymer was 3000 in temns of the standard polystyrene (60% yield). 

[0079] The struOure of the resulting polymer was of a copolymerizatlon of p-vinylphenol and styrene at a molar ratio 

of 70.:.30. - - - - ... ... 

[OOSO] Furthermore, 1 g of the obtained polymer was dissoh?od in 3 g of propylene glycol monomethylether to prepare 
25% by weight of a solution. Then, the viscosity of the solution at 25'»C was 15 mPas as a result of the measurement 

50 using an E-type rotational viscometer 

[0081] The coefficient H defined as [logarithmic change in viscosity (mPas)] [change in solid content concentration 
(% by weight)] was 0.041 under the measurement conditions of a solvent temperature of 25*»C and a solid content 
concentration of 8.3 to 25% by weight. 

55 Synthetic Example 2 

[0082] In 1 00 g of a solution (manufactured by LANCASTER Co., Ltd.) in which p-vinyl phenol monomer with a solid 
content concentration of 10% by weight was dissolved In a propylene glycol, 8.5 g of methyl methacrylate (Junsei 



14 



EP 1315 045 A1 



Chemical Co., Ltd.) was dissolved. Then, the solution was streamed with nitrogen tor 30 minutes. 0.7 g of azobislsobu- 
tyronitrile (AIBN, manufactured by JUNSEI CHEMICAL Co., Ltd.) was added while holding the reaction solution at 
70**C, and was then stirred In a nitrogen atmosphere. A reactant was collected by re-predpitatlng In one litter of distilled 
water. The resulting sediment was filtrated and was then dried to obtain powder of the polymer. The resulting polymer 
5 was subjected to a GPC analysis. As a result, the weight-average molecular weight of the resulting polymer was 5300 
in terms of the standard polystyrene. 

[0083] The structure of the resulting polymer was of a copolymerizatlon of p-vinylphenol and methyl methacrylate at 
a molar ratio of 49:51 . The glass transition temperature of the polymer was ISS'C. 

[0084] Furthermore, 1 g of the obtained polymer was dissolved in 3 g of propylene glycol monomethylether to prepare 
10 a 25 w/t% solution. Then, the viscosity of the solution at 25'*C was 20 mPas as a result of the measurement using an 
E-type rotational viscometer. 

[0085] The coefficient H defined as [logarithmic change in viscosity (mPas)] / [change in solid content concentration 
(% by weight)] was 0.046 under the measurement conditions of a solvent temperature of 25"C and a solid content 
concentration of 8.3 to 25% by weight. 

15 . 

'i-5yn;hgticExa??;p^3 • - - " • • . 

[0086] 20 g of acrylic acid (manufactured by JUNSEI CHEMICAL Co., Ltd.) was dissolved in 100 g of propylene 
glycol monomethylether, followed by streaming the solution with nitrogen for 30 minutes. While holding the reaction 

20 solution at 60°C, 0.2 g of azobisisobutyronitrile (AIBN, manufactured by Junsei Chemical Co., Ltd.) as a polymerization 
initiator and 0.04 g of 1 -dodecanethiol (manufactured by Kanto Kagal<u Ltd.) as a chain transfer agent were added and 
were then stirred in a nitrogen atmosphere. After stirring for 24 hours, 0.03 g of 4-methoxyphenol (manufactured by 
Tokyo Kasei Kogyo Co., Ltd.) was added as a polymerization temriinator. A sediment obtained by re-precipitating the 
reaction product in 1 liter of distilled water was filtrated and dried to obtain powder of the polymer. The resulting polymer 

25 was subjected to a GPC analysis. As a result, the weight-average molecular weight of the polymer was 1 9000 in ternis 
of the standard polystyrene. 
[0087] The resulting polymer was polyacrylic acid. 

[0088] Furthemnore, 1 g of the obtained polyacrylic acid was dissolved in 3 g of propylene glycol monomethylether 
to prepare a 25 w/t% solution thereof. The viscosity of the solution measured by an E-type rotational viscometer was 

30 98 mPa s at 25°C. 

[0089] The coefficient H defined as [logarithmic change in viscosity (mPas) ] / [change in solid content concentration 
(% by weight)] was 0.069 under the measurement conditions of a solvent temperature of 25°C and a solid content 
concentration of 8.3 to 25% by weight. . 

35 Synthetic Example 4 

[0090] 30 g of hydroxypropyl methacrylate (manufactured by Junsei Chemical Co., Ltd.) was dissolved in 120 g of 
propylene glycol monomethylether, followed by streaming the solution with nitrogen for 30 minutes. While holding the 
reaction solution at 70'C, 0.03 g of azobisisobutyronitrile (AIBN, manufactured by Junsei Chemical Co., Ltd.) was 

40 added as a polymerization initiator and was then stirred in a nitrogen atmosphere. After stirring for 24 hours, 0.04 g of 
4-methoxyphenol (manufactured by Tokyo Kasei Kogyo Co., Ltd.) was added as a polymerization terminator. In the 
solution, the solid content was 23%. Then, the solution was reprecipitated In distilled water to obtain a sediment. After 
that, the sediment was filtrated and dried to obtain fine particles of the polymer. The resulting polymer was subjected 
to a GPC analysis. As a result, the weight-average molecular weight of the polymer was 1 30000 in temns of the standard 

45 polystyrene. 

[0091] The resulting polymer was polyhydroxypropyl methacrylate. 

- . . Furthennore, 1 g of the obtained polyhydroxypropyl methacrylate was dissolved In 3 g of propylene glycol mon- 
omethyiether M prepare a*25 w/l% solution thereof. The viscosity of the soluticr: measured by an E-type rotational 
viscometer was 225 mPas at 25^C. 

so [0092] The coefficient H defined as [logarithmic change In viscosity (mPas)] / [change in solid content concentration 
(% by weight)] was 0.079 under the measurement conditions of a solvent temperature of 25*'C and a solid content 
concentration of 8.3 to 25% by weight. 

Example 1 

55 

[0093] 20 g of a copolymer of p-vinylphenol and styrene obtained in Synthetic Example 1 was mixed with 3.0 g of 
tetramethoxymethyl glycoluril and 0.02 g of para-toluenesulfonic acid and was then dissolved in a solvent comprised 
of 173 g of propylene glycol monomethylether and 75 g of propylene glycol monomethylether acetate to give an 8.5% 
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solution thereof. The given solution was filtered through a micro-filter made by polyethylene with a pore size of 0.05 \l 
m to prepare a composition for forming a gap-filling material for lithography. 

Example 2 

5 

[0094] 20 g of a copolymer of p-vinylphenol and styrene obtained in Synthetic Example 1 was mixed with 4.0 g of 
hexamethoxymethylol melamlne and 0.04 g of para-toluenesulfonic acid and was then dissolved in a solvent comprised 
of 1 90 g of propylene glycol monomethylether and 83 g of propylene glycol monomethylether acetate to give an 8.1% 
solution thereof. The given solution was filtered through a micro-filter made by polyethylene with a pore size of 0.05 
10 m to prepare a composition for forming a gap-filling material for lithography. 

Example 3 

[0095] 40 g of a commercially-available bromide of poly p-vlnylphenol (MARUKA LYNCUR MB, manufactured by 
15 Maruzen Petrochemical Co., Ltd.) comprising a repeating unit represented by the Fomnula (3) was mixed with 4.0 g of 
tetramethoxymelhyJ glycoluri; and.p.02 g of par£-toluenesulfonic acid and was then dissolved in a solvent comprised--^ 
of 229 g of propylene glycol monomethylether and 1 00 g of propylene glycol monomethylether acetate to give an 1 1 .8 
w/t% solution thereof. The given solution was filtered through a micro-filter made by polyethylene with a pore size of 
0.05 m to prepare a composition for fomning a gap-filling material. The resulting composition was subjected to a GPC 
20 analysis and the weight-average molecular weight thereof was 6000 in temis of the standard polystyrene. 

[0096] Subsequently, 1 g of MARUKA LYNCUR MB was dissohred in 3 g of propylene glycol monomethylether to 
prepare a 25 w/t% solution thereof. The viscosity of the solution measured by an E-type rotational viscometer was 7.6 
mPasat25**C. 

[0097] The coefficient H defined as [logarithmic change in viscosity (mPas)] / [change in solid content concentration 
25 (% by weight)] was 0.029 under the measurement conditions of a solvent temperature of 25'*C and a solid content 
concentration of 8.3 to 25% by weight 

Example 4 

30 [0098] 40 g of a commercially-available bromide of poly para-vinylphenol (MARUKA LYNCUR MB, manufactured by 
Maruzen Petrochemical Co., Ltd.) comprising a repeating unit represented by the Fomnula (3) was mixed with 4.0 g of 
hexamethoxymethylol melamine and 0.02 g of para-toluenesulfonic acid and was then dissolved In a solvent comprised 
of 234 g of propylene glycol monomethylether and 1 02 g of propylene glycol monomethylether acetate to give an 1 1 .8 
w/t% solution thereof. The given solution was filtered through a micro-filter made by polyethylene with a pore diameter 

35 of 0.05 \imXo prepare a composition for fonming a gap-filling material for lithography. The resulting composition was 
subjected to a GPC analysis and the weight-average molecular weight thereof was 6000 in terms of the standard 
polystyrene. 

Example 5 

40 

[0099] 20 g of a copolymer of p-vlnylphenol and methyl methacrylate obtained in Synthetic Example 2 was mixed 
with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g of para-toluenesulfonic acid and was then dissolved in a solvent 
comprised of 1 86.0 g of propylene glycol monomethylether and 75 g of propylene glycol monomethylether acetate to 
give an 8.5 w/t% solution thereof. The given solution was filtered through a micro-filter made by polyethylene with a 
45 pore size of 0.05 m to prepare a composition for fomning a gap-filling material for lithography 

Example 6 .^-. . - . . . . .i. - • - . 

[0100] 40 g of novolac type phenol resin comprising a repeating unit represented by the following Fomnula (8) (RE- 
so SITOP PSM-4326, manufactured by Gunei Chemical Industry Co., Ltd.) was mixed with 14.1 g of tetramethoxymethyl 
glycoluril and 1 .4 g of para-toluenesulfonic acid and was then dissolved In a solvent comprised of 371 g of propylene 
glycol monomethylether and 159 g of propylene glycol monomethylether acetate to give a 9.5 w/t% solution thereof. 
The given solution was filtered through a polyethylene micro-filter of 0.05 m to prepare a composition for fomning a 
gap-filling material for lithography. 

55 
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5 




Formula (8) 



10 

Subsequently, 1 g of RESITOP PSM-4326 was dissolved In 3 g of propylene glycol nDonomethylether to prepare 
a 25 w/t% solution thereof. TTie viscosity of the solution measured by an E-type rotational viscometer was 31 .9 mPas 
at 25'»C. 

The coefficient H defined as [logarithmic change in viscosity (mPas)) / [change in solid content concentration (% 
15 by weight)] was 0.053 under the measurement conditions of a solvent temperature of 25*'C and a solid content con- 
centration cf &.3 to 2a% by weight. " > . ' • &' 

Example 7 

20 [0101] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in Synthetic Example 2 was mixed 
with 4.0 g of tetramethoxymethyl glycoluri! and 0.08 g of para-toluenesulfonic acid and was then dissolved in a soh^ent 
comprised of 38.5 g of propylene glycol monomethylether (boiling point: 12rC) and 38.5 g of propylene glycol 
monobutyl ether (boiling point: 170.rC) to give an 8.5 w/t% solution thereof. The given solution was filtered through 
a micro-filter made by polyethylene of 0.05 ji m to prepare a composition for forming a gap-filling material for lithography 

25 

Example 8 

[0102] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in Synthetic Example 2 was mixed 
with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g of para-toluenesulfonic acid and was then dissolved in a solvent 
30 comprised of 38.5 g of propylene glycol monomethylether and 38.5 g of butyl lactate (boiling point: 187'C) to give an 
8.5 w/t% solution thereof. The given solution was filtered through a micro-filter made by polyethylene with a pore-size 
of 0.05 n m to prepare a composition for forming a gap-filling material for lithography. 

Example 9 

35 

[0103] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in Synthetic Example 2 was mixed 
with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g of para-toluenesulfonic acid and was then dissolved in a solvent 
comprised of 38.5 g of propylene glycol monomethylether and 38.5 g of diethylene glycol monomethylether (boiling 
point: 194.2*C) to give an 8.5 w/t% solution thereof. The given solution was filtered through a micro-filter made by 
40 polyethylene with a pore size of 0.05 ji m to prepare a composition for forming a gap-filling material for lithography. 

Example 10 

[0104] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in Synthetic Example 2 was mixed 
45 with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g of para-toluenesulfonic acid and was then dissolved In a solvent 
comprised of 38.5 g of propylene glycol monomethylether and 38.5 g of cyclohexanone (boiling point: 1 55.7'*C) to give 
an 8.5 w/t% solution thereof. The given solution was filtered through a micro-filter made by. po^^^^ • ' - J. 

size o? 0.05 ^m to pirpare a composition for forming a gap4iUing material for lithography. ^ . 

50 Example 1 1 

[0105] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained in Synthetic Example 2 was mixed 
with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g of para-toluenesulfonic acid and was then dissolved In a solvent 
comprised of 38.5 g of propylene glycol monomethylether and 38.5 g of propylene glycol monomethylether acetate 
55 (boiling point: 146°C) to give a 8.5 w/t% solution thereof. The given solution was filtered through a micro-filter made 
by polyethylene with a pore size of 0.05 m to prepare a composition for fomning a gap-fllling material for lithography. 
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Comparative Example 1 

[0106] 40 g of a commercially-available polyethylene glycol (Polyethylene G»ycol 2000 manufactured by Junsei 
Chemical Co., Ltd.) was mixed with 14.2 g of tetramethoxymethyl glycoluril and 1.42 g of para-toluenesulfonic acid 
5 and was then dissolved in a solvent comprised of 457 g of propylene glycol monomethylether and 229 g of propylene 
glycol monomethylether acetate to give a 6.8% solution thereof. The give solution was filtered through a micro-filter 
made by polyethylene with a pore size of 0.05 ji m to prepare a composition for forming a gap-filling material for 
lithography. 

10 Comparative Example 2 

[01 07] 40 g of polyacrylic acid obtained in Synthetic Example 3 was mixed with 1 4. 1 g of tetramethoxymethyl glycolu ril 
and 1 .4 g of para-toluenesulfonic add and was then dlssoh^ed In a soh/ent comprised of 371 g of propylene glycol 
monomethylether and 159 g of propylene glycol monomethylether acetate to give a 9.5 w/t% solution thereof. The 
15 given solution was filtered through a micro-filter made by polyethylene with a pore size of 0.05 \imXo prepare a com- 
* position for forming a gap-filiing material for iithography. .it. ^. . ^, ^ 

Comparative Example 3 

20 [0108] 40 g of polyhydroxypropyl methacrylate obtained in Synthetic Example 4 was mixed with 14.1 g of tetrame- 
thoxymethyl glycoluril and 1 .4 g of para-toluenesulfonic add and was then dissolved in a solvent comprised of 371 g 
of propylene glycol monomethylether and 1 59 g of propylene glycol monomethylether acetate to give a 9.5 w/t% solution 
thereof. The given solution was filtered through a micro-filter made by polyethylene with a pore size of 0.05 n m to 
prepare a composition for forming a gap-filling material for lithography. 

25 

Comparative Example 4 

[0109] 20 g of a copolymer of p-vlnylphenol and methyl methacrylate obtained In Synthetic Example 2 was mixed 
with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g of para-toluenesulfonic acid and was then dissolved in a soh/ent 
30 comprised of 38.5 g of propylene glycol monomethylether and 38.5 g of tetrahydrofuran (boiling point: BS^C) to provide 
an 8.5 w/1% solution thereof. The given solution was filtered through a micro-filter made of polyethylene with a pore 
size of 0.05 m to prepare a composition for forming a gap-filling material for lithography 

Comparative Example 5 

35 

[0110] 20 g of a copolymer of p-vinylphenol and methyl methacrylate obtained In Synthetic Example 2 was mixed 
with 4.0 g of tetramethoxymethyl glycoluril and 0.08 g of para-toluenesulfonic acid and was then dissolved in a solvent 
comprised of 38.5 g of propylene glycol monomethylether and 38.5 g of ethylene glycol dimethylether (boiling point: 
82.5^C) to provide an 8.5 w/t% solution thereof. The given solution was filtered through a micro-filler made of polyeth- 
40 yiene with a pore size of 0.05 m to prepare a composition for fomning a gap-filling material for lithography 

Test Example 1 

[01 1 1] The compositions for fomning a gap-filling material for lithography obtained in Examples 1 to 11 and Compar- 
45 ative Examples 1 to 5 were applied over the respective silicon wafers by a spinner and were then heated on a hot plate 
at 205°C for 1 minute to form their respective gap-filling materials for lithography (0.22 n m in film thickness). The gap- 
filling materials for lithography were dipped in sohfents to be used for resist, for example, ethyl lactat^ and.propylene-^.-.^ 
glycol monomethylether to confinn that they were insoluble In these solvents. - 

50 Test Example 2 

[01 1 2] The compositions for fomiing a gap-filling material for lithography obtained in Examples 1 to 1 1 and Compar- 
ative Examples 1 to 5 were applied to the respective silicon wafers by a spinner and were then heated on a hot plate 
at 205''C for 1 minute to form their respective gap-filling materials for lithography (0.22 p. m in film thickness). A com- 
55 mercially-available resist solution (APEX-E. manufactured by Shipley Company) was applied to the top layer of the 
gap-filling material for lithography by the spinner and was then heated on the hot plate at 90*»C for 1 minute. After 
exposing the resist, a post-exposure baking was perfomried at 90**C for 1 .5 minutes. After developing the resist, the 
film thickness of the gap-filling material for lithography was measured to confirm that there was no intermixing between 
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the gap-filling materials for lithography obtained In Examples 1 to 4 and Comparative Example 1 and the resist layer. 
Test Example 3 

5 [01 13] The compositions for fomiing a gap-filling material for lithography obtained in Examples 1 to 4 and Compar- 
ative Example 1 were applied over the respective silicon wafer substrates having holes (0.25 ^ m in diameter and 0.9 
ji m In depth) by a spinner and were then heated on a hot plate at 205*'C for 1 minute to fomr) their respective gap- 
filling materials for lithography {0.24 n m in film thickness). 

[0114] Subsequently, a planarizing factor was evaluated by observing the cross-sectional shape of the obtained 
10 substrate using a scanning electron microscopy (SEM). The planarizing factor was calculated according to the following 
equation. A planarizing factor of 100% Is obtained when the holes In the substrate are entirely planarlzed. 
[01 1 5] Planarizing factor = [1 - a/b] x 1 00 

a: The depth of a recessed portion of the gap-filling material for lithography in the center portion of the hole. 
15 b: The depth of the hole. 

[0116] The substrate used Is a silicon wafer substrate having holes in Iso and Dense pattems as illustrated in Fig. 
1 . The ISO pattem Is one In which the distance from the center of a hole to the center of the adjacent hole Is three times 
larger than the diameter of the hole. Also, the Dense pattem is one in which the distance from the center of a hole to 
20 the center of the adjacent hole is equal to the diameter of the hole. The depth of the hole was 0.9 \l m and the diameter 
of the hole was 0.25 (i m. 

[0117] Simultaneously, furthennore. the film thickness of each portion of the substrate fomned by the composition 
for fomning a gap-filling material for lithography was measured. 
[01 1 8] The results were listed in Table 1 . 

25 

Table 1 



35 





Rim thickness (Unitinm) 


Planarizing factor (Unit:%) 


Iso 


Dense 


Bias 


Iso 


Dense 


Bias 


Example 1 


190 


80 


110 


98 


93 


5 


Example 2 


200 


100 


100 


96 


91 


5 


Example 3 


180 


90 


90 


98 


94 


4 


Example 4 


180 


100 


80 


89 


81 


8 


Comparative Example 1 


200 


80 


120 


84 


53 


31 



[0119] The planarizing factor of the film obtained by each of the compositions for fomning a gap-filling material for 
lithography of Examples 1 to 4 was larger than that of Comparative Example 1 , with partfcularty excellent planarizing 

40 ability in Dense pattem that requires severe conditions. Furthemr^ore, the difference between the film thtekness of the 
Iso portion and that of the Dense portion was small in each of the compositions for fonning a gap-filling material for 
lithography of Examples 1 to 4. This indteates that the compositions for forming a gap-filling material were smoothly 
poured into a plurality of holes also in the Dense portion in whfch the number of holes per unit area on the hole substrate 
(the hole density) is larger than that of the (sob portion. It Is considered that this has led to a small difference between 

45 the film thickness of the Iso portion and that of the Dense portion and to a large planarizing factor 

Test Example 4 .... * , 

[0120] For the respective compositions for fonning a gap-filling material for lithography obtained in Examples 1 to 3, 
50 5, and 6 and Comparative Examples 2 and 3, as with Test Example 3, an evaluation was conducted on the planarizing 
factor of a substrate on wh ich the composition for forming a gap-filling material for lithography was coated. The substrate 
used was a silicon wafer substrate having holes (0.25 p. m in diameter and 0.9 m in depth) and the film thickness of 
the gap-filling material was about 0.23 ^ m. 

[0121] Simultaneously, furthermore, each of the compositions for forming a gap-filling material for lithography was 
55 subjected to the measurements of its viscosity (mPas) and coefficient H, where the coeffteient H was defined as [log- 
arithmic change in viscosity (mPas)] /[change in solid content concentration (% by weight)] under the measurement 
conditions in which the temperature of the solution was 25°C and the solid content concentration was 8.3 to 25% by 
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weight. The manner thereof is shown in Fig. 2. 
[0122] The results are listed in Table 2. 



Table 2 





Coefficient H 


Viscosity of the polymer solution (Unit: 
mPa»s) 


Planarizing factor (Unit:%) 


Iso 


Dense 


Bias 


Example 1 


0.041 


15 


98 


93 


5 


Example 2 


0.041 


15 


96 


91 


5 


Example 3 


0.029 


8 


98 


94 


4 


Example 5 


0.046 


21 


98 


97 


1 


Example 6 


0.053 


32 


89 


84 


5 


Comparative Example 2 


0.069 ' 




88 


72 


15 


Comparative Example 3 


0.079 


225 


82 


51 


31 



20 [01 23] The planarizing factor of the film obtained from each of the compositions for f omning a gap-filling material for 
lithography of Examples 1 to 3, 5, and 6 was larger than those of Comparative Examples 2 and 3, and in particular the 
planarizing ability thereof in the Dense pattems was excellent. It is considered that this is caused by an increase in 
fluidity of the solution in the steps of spinning and baking as the viscosity of the composition for forming a gap-filling 
material becomes lower. 

25 

Test Example 5 

[0124] For the respective compositions for fonming a gap-filling material for lithography obtained in Examples 7 to 
1 1 , and Comparative Examples 4 and 5, as with Test Example 3, an evaluation was conducted on the planarizing factor 
30 of a substrate on which the lithographic gap-filler forming composition was coated. The substrate used was a silicon 
wafer substrate having holes (0.35 ji m in diameter and 1 .0 m in depth) and the film thickness of the gap-filling material 
was about 0.22 ^ m. 



Table 3 





Planarizing factor (Unit: nm) 


Iso 


Dense 


Bias 


Example 7 


97 


94 


3 


Example 8 


96 


91 


5 


Example 9 


97 


95 


2 


Example 10 


91 


73 


18 


Example 11 


90 


60 


30 


Comparative Example 4 


87 


32 


55 


Comparative Example 5 


89 


45 


44 



[01 25] The planarizing factor of the film obtained from the composition for f omriing a gap-filling material for lithography 
50 of each of Examples 7 to 11 was high as compared with that of the film obtained from each of Comparative Examples 
4 and 5 and in particular the planarizing ability thereof was excellent in the Dense pattems that requires severe con- 
ditions. In each of Comparative Examples 4 and 5, furthemnore, the gap-filling material was adhered along the step in 
the substrate (a conformal type). In each of Examples 7 to 11 , on the other hand, it flows from the vicinity of the hole 
to the Inside of the hole. Therefore, the surface of the substrate covered in accordance with each of Examples 1 0 to 
55 1 4 was planarized. In each of Examples 7 to 11 , it Is considered that the difference in planarizing factor Is small as the 
composition for forming a gap-filling material flows into a plurality of holes with a larger fluidity also in the Dense portion 
where the number of holes per unit area on the substrate is larger than that of the Iso portion. The reason why the 
compositions for f onning a gap-filling material of Examples 7 to 1 1 have planarizing factors larger than those of Com- 
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parative Examples 4 to 5 Is that each of them contains a solvent having a boiling point higher than the glass transition 
temperature of the polymer or the boiling point of such a solvent is in the range of 1 46°C to 220"C. 

Industrial Applicability 

5 

[0126] A gap-filler fomilng composition of the present invention planarizes the substrate having holes by filling In the 
Irregularities thereof and finds utility in the Improvement of unifomiity of the film thickness of an applied film such as a 
photoresist applied on the substrate. It has a high dry etching rate as compared with that of a photoresist layer and it 
does not cause an intemnixing with the photoresist layer. In addition, there Is no diffusant into the photoresist at the 
10 time of heating and drying. Therefore, a lithographic gap-filler having a high resolution and an excellent dependency 
on the film thickness of the photoresist can be obtained and an excellent reslst-pattem forming process can be provided. 



Claims 



15 



1 . A compa'sltion for fomiing a gap-fiHIng material to be used in pro£iuct;oft-"ofa serJrfcondactor vicvfe by a method 
of applying a resist for coating onto a substrate having holes where an aspect ratio defined as height/diameter Is 
1 or more and transferring an image on the substrate using a lithographic process, which is applied to the substrate 
prior to the coating with the resist so as to planarize the surface of the sut)strate, characterized by containing a 

20 polymer solution comprised of a polymer and a solvent. 

2. The compositk3n for forming a gap-filling material according to the claim 1 , characterized in that the polymer 
solution has a coefficient H of 0.06 or less, which is defined as [togarithmte change In viscosity (mPas)] / [change 
in solid content concentration (% by weight)], and a viscosity of 1 to 80 mPas, which is measured at a solid content 

25 concentration of 25% by weight. 

3. The composition for fomiing a gap-filling material according to the claim 1 or 2, characterized in that the polymer 
solution contains 0.1 to 30% by weight of solid content. 

30 4. The composition for f omriing a gap-filling material according to one of the claims 1 to 3, characterized in that the 
solvent contains 20% by weight or more of a solvent (s) having a boiling point higher than a glass transition tem- 
perature of the polymer based on the whole soh^ent. 

5. The composition forming a gap-filling material according to the claim 4, characterized in that the boiling point of 
35 the solvent (s) Is 1 0°C or more higher than the glass transition temperature of the polymer. 

6. The composition for f omning a gap-filling material according to one of the claims 1 to 5, characterized in that the 
boiling point of the solvent (s) is from 145 to 220*C. 

40 7. The composition for forming a gap-filling material according to one of the claims 1 to 6, characterized in that the 
solvent (s) is butyl lactate, propylene glycol monobutyl ether, propylene glycol mononiethylether acetate, cyclohex- 
anone, diethylene glycol monomethylether, or any mixture thereof. 

8. The composition for fomiing a gap-filling material according to the claims 1 to 7, characterized in that a weight- 
45 average molecular weight of the polymer is from 500 to 30000. 

9. The composition for forming a gap-filling material according to.one of the claims 1 to 8, characterized In that the 
polyrnor comprises at least one repeating unit represented by Iho following Fonmula(l): - 

50 



55 
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Formula (1) 



[wherein R*" and ffi each independently represent a hydrogen atom, a methyl group, a fluorine atom, a chlorine 
.ato.r,, at^rcrr^iricatomoracyanogroup].. ^. ... .4. 

10. The composition for fomiing a gap-filling material according to the claim 9, characterized In that the polymer is 
a homopolymer comprised of the repeating unit represented by the Fomriula (1 ), or a copolymer comprised of the 
repeating unit represented by the Fomriula (1) and a repeating unit which is a vinyl group that contains an aromatic 
moiety or a carboxylic add ester moiety on a side chain thereof. 

1 1 . The composition for fomning a gap-filling material according to the dalm 1 0, characterized In that the polymer is 
poly p-vinylphenol that comprises a repeating unit represented by the following Fomnula (2): 




Formula (2) 



12. The composition for fomning a gap-filling material according to the claim 10, characterized In that the polymer is 
a bromide of poly p-vinylphenol, which comprises a repeating unit represented by the following Formula (3): 




13. The composition for fonning a gap-filling material according to the claim 1 0, characterized In that the polymer is 
a copolymer of p-vinyiphenol and styrene, which comprises a repeating unit represented by the following Formula 
(2): 
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Formula (2) 



Formula (4) 



and in which 20% or nnore of the repeating unit represented by the Fomnula (2) is contained based on the total 
number of the repeating units In the polymer. 

1 4. The composition for forming a gap-filling material according to the claim 1 0, characterized in that the polymer is 
a copolymer of p-vinylphenol and methyl methacrylate, which comprises a repeating unit represented by the fol- 
lowing Formula (2): 




Formula (2) 



and a repeating unit represented by the following Fonnuta (5): 
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CH2-<; 



O-CHa 



CH3 



c=o 




Formula (5) 



and In which 20% or more of the repeating unit represented by the Fomiula (2) Is contained based on the total 
number of the repseting-unitsin the- polymer. "* - * --r -i^ . - 

15. The composition for fonming a gap-filling material according to the daim 1 0, characterized in that the polymer Is 
a copolymer of p-vinylphenol and 2-hydroxyethyl methacrylate, which comprises a repeating unit represented by 
the following Fomnula (2): 



and in which 20% or more of the repeating unit represented by the Fonmula (2) is contained based on the total 
number of the repeating units in the polymer. 

1 6. The composition for fonning a gap-filling material according to the claim 1 0, characterized in that the polymer Is 
a copolymer of p-vinylphenol and butyl acrylate, which comprises a repeating unit represented by the following 




Formula (2) 



and a repeating unit represented by the following Formula (6): 




Formula (6) 



Fonmula (2): 
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Formula (2) 



and a repeating unit represented by the following Fomnula (7): 




Formula (7) 



and in which 20% or more of the repeating unit represented by the formula (2) is contained based on the total 
number of the repeating units in the polymer. 

17. The composition for fomning a gap-filling material according to one of the claims 1 to 16, characterized by further 
comprising a cross-linking agent having at least two cross-linking fomiing functional groups. 

18. A method of using a composition for forming a gap-filling material according to one of the claims 1 to 17, charac- 
terized in that the gap-filler fomrting composition is applied onto a substrate and is then baked in a lithographs 
process in production of a semiconductor devk:e. 

19. The method of manufacturing a semkx)nductor device fomning an integrated circuit element by transferring an 
Image on a substrate, characterized by comprising: 

a step (A) in which the composition for forming a gap-filling material containing a polymer solution comprised 
of a polymer and a solvent is applied to a substrate having holes with an aspect ratio of 1 or more, which is 
defined as height/diameter, and is then dried to fonri a planarized filling layer on the substrate; 
a step (B) in which a resist is applied and dried; and 
^ a step (C) in which an exposure, a development, and an etching are performed. 

V .- • - 

20. The method of manufacturing a semiconductor device according to the claim 19, characterized in that the com- 
position for fomiing a gap-filling material used in the step (A) is a composition according to the claims 1 to 17. 

21 . The method of manufacturing a semiconductor device according to the claim 1 9, characterized by further com- 
prising a step (A') where a bottom anti-reflective coating is formed before or after the fonmation of a filling layer 
using the composition for forming a gap-filling material in the step (A). 
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' FIG. 1 
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